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Calcium Channel Blockers

PRAKASH C. DEEDWANIA, MD, Fresno, California

Calcium (Ca*) plays an essential role in many cardiovascular physiologic
processes. Electrophysiologic properties of the sinus and atrioventricular
nodes greatly depend on Ca* ion influx. Also, Ca** is the main link for excita-
tion-contraction coupling of the myocardium. Ca** channel blockers are a group
of heterogeneous compounds that block the ionic influx of Ca* into the myo-
cardial and vascular smooth muscle cells. Because Ca** plays a central role,
it is not surprising that Ca** channel blockers can produce profound altera-
tions in cardiovascular functions. Recently several studies have shown these
agents to be useful in the treatment of supraventricular tachyarrhythmia, vari-
ant angina, chronic stable angina and hypertrophic cardiomyopathy. In the
future they may be found useful in preserving myocardium during cardiopul-
monary bypass, in limiting infarct size and in the treatment of hypertension

and congestive heart failure.

RECENTLY two calcium (Ca**) channel blockers
have been approved in the United States for the
treatment of variant and chronic stable angina.
Introduction of Ca** channel blockers represents
a considerable advancement in cardiovascular
therapeutics and is indeed a welcome addition to
the list of drugs available for the treatment of
various cardiovascular disorders. The initial ap-
plication of Ca** channel blockers in the treatment
of angina and supraventricular tachyarrhythmia
represents only a few of the many indications (see
Table 1) for which these agents are currently be-
ing investigated and have been found useful. In
this article the role of Ca-- in cardiovascular
physiology will be discussed and the basic phar-
macology of Ca** channel blockers as well as their
clinical applications will be reviewed.
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Role of Ca++ in Cardiovascular Physiology

Ca* ions play vital roles and are critical to the
function of cardiac tissue and vascular smooth
muscle. Ionic Ca** has a key part in cardiac elec-
trophysiologic processes, excitation-contraction
coupling in myocardium and vascular smooth
muscle and in control of energy storage and use.-?
Some of these important roles of Ca** ions in
various physiologic processes in the heart are
illustrated in Figure 1.

Initially, on stimulation with a threshold stimu-
lus, fast sodium (Na‘) channels open up at the
cellular level and Na* ions rush into the cell
causing rapid depolarization (phase 0) (see Figure
2). This initial depolarization of the cell caused
by inward movement of Na* jons opens up the
slow channels for Ca** entry, allowing Ca** ions
to move inward during the plateau phase (phase
2) of the action potential.* Ca**-carrying channels
are called *“slow channels” because they are
several magnitudes slower than the “fast chan-
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ABBREVIATIONS USED IN TEXT

AV =atrioventricular

Ca**=calcium

cyclic AMP=adenosine 3’:5’-cyclic phosphate
FDA =Food and Drug Administration
Na*=sodium

PSVT =paroxysmal supraventricular tachycardia
SA =sinoatrial

TABLE 1.—Potential Clinical Applications of Calcium
Channel Blockers

Cardiac arrhythmia
Vasospastic angina

Chronic stable angina
Hypertrophic cardiomyopathy
Systemic hypertension
Congestive heart failure
Pulmonary hypertension
Myocardial preservation
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Figure 1.—Role of calcium in myocardial excitation-
contraction coupling. Ca** channel blockers act at the
first step by blocking the influx of Ca** ions during
plateau phase of cardiac action potential. Ca**=cal-
cium, Na*=sodium, ATP=adenosine triphosphate,
ADP = adenosine diphosphate.

nels” of Na*.** Slow channels depend on two
kinds of stimuli—one is voltage-dependent and
the other depends on activation of a protein kinase
by adenosine 3’:5’-cyclic phosphate (cyclic AMP).2*
The Ca** ions entering the cell during the plateau
phase trigger release of larger quantities of Ca*
ions from sarcoplasmic storage sites. Once the
intracellular concentration of Ca** reaches above
107 M, it removes the inhibitory influence of the
troponin-tropomyosin complex on the interaction
between actin and myosin, and contraction ensues
(see Figure 1). Thus the Ca** entry into the cell
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Figure 2.—Fast (A) and slow (B) cardiac action poten-
tials in the heart. Calcium enters the cell during the
phase 2 (plateau) of fast action potential (A) and slow
action potential (B) depends mostly on Ca** ions for
its activation. msec =milliseconds, mV = millivolts, Na*
=sodium, Ca**=calcium, K*=potassium.

has an essential function in the excitation-contrac-
tion coupling in the myocardium.*¢ Similarly, the
extent of contraction of smooth muscle in the
systemic and coronary vascular beds is dependent
on the entry of Ca** ions into the vascular smooth
muscle cells.>®

Cat+ Channel Blockers

Initially Ca*+ channel blockers prenylamine and
verapamil were introduced in Germany as coro-
nary vasodilators for the treatment of angina
pectoris.”® Because these agents were found to
produce inotropic and chronotropic effects that
were opposite to those elicited by catecholamines,
they were initially thought to be adrenergic block-
ing agents.*° It was not until 1967 that pioneer-
ing studies of Fleckenstein and co-workers!!
showed that the action of these agents differed
from those of beta blockers and was related to
inhibition of the influx of Ca** ions into myo-
cardial cells. Consequently, the agents were named
“Ca** antagonists.”” Later, in 1970 Fleckenstein'?
specified that Ca** antagonists act by reversibly
sealing specific Ca** channels in the membrane
of the mammalian myocardial cell.

These agents have been known variously as Ca**
antagonists, Ca** channel blockers, Ca** entry
blockers, slow channel inhibitors and Ca** inhi-
bitors. But because they are known to antagonize
Ca** only at specific sites in the sarcolemma (the
slow channel) and do not have a significant effect
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Figure 3.—Chemical structure of four different cgl-
cium channel blocking agents. Note the dissimilarity
in their structure.

TABLE 2.—General Properties of Calcium (CA**)
Channel Blockers

May decrease cardiac pacemaker (SA nodal) activity

Usually increase AV nodal refractoriness

Cause myocardial excitation-contraction uncoupling
(negative inotropic effect)

Reduce coronary vascular resistance (increase coronary
flow)

Reduce systemic vascular resistance (decrease blood
pressure)

Actions reversed by Ca*" or catecholamines

SA =sinoatrial, AV =atrioventricular

on a wide variety of Ca* binding and transport
systems, it is more accurate to refer to them as
Ca** channel blockers or slow channel inhibitors.**

Over the last two decades many new Ca**
channel blockers have been developed and intro-
duced and now the list includes diltiazem,
flunarizine, lidoflazine, nifedipine, niludipine, per-
hexiline, prenylamine, verapamil and Dg (the
methoxy derivative of verapamil). However, most
of the clinical studies in progress are evaluating
nifedipine, diltiazem, verapamil and lidoflazine in
the treatment of various cardiovascular disorders.

Pharmacology of Ca*+ Channel Blockers

Ca* channel blockers are a group of hetero-
geneous compounds. Although Ca** channel block-
ers in general inhibit slow channel activity, unlike
B-blockers these agents vary considerably in their
chemical structure (see Figure 3) and overall
actions in the cardiovascular system.'*!5 These
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differences are clinically important and may be
related to quantitative differences in their ability to
inhibit excitation-contraction coupling in cardiac
tissue or vascular smooth muscle, effects on sino-
atrial (SA) nodal automaticity or atrioventricular
(AV) nodal conduction properties. Such varia-
tions would undoubtedly account for the difference
in their net electrophysiologic effects, hemody-
namic effects, overall therapeutic implications
and adverse reactions. Table 2 shows some impor-
tant general properties of Ca** channel blockers.

Electrophysiologic Effects

Sinus and AV nodal cells have slowly rising
action potential and are predominantly depolar-
ized by inward movement of Ca** ions (see B of
Figure 2). Because of their dependence on Ca*+
ions, automaticity of the SA and AV nodes and
their velocity of conduction are greatly influenced
by Ca** channel blockers. Ca*+ ions may also play
a significant role in abnormal electrical states of
cardiac cells.”® When Na*-dependent myocardial
cells (atrial or ventricular muscle) are depolarized
due to increased extracellular potassium (for ex-
ample, in myocardial ischemia) or stretch, the
Na* channels become inactivated and the slow
channels predominate.*®*” These abnormally slow
responses may play an important role in the
genesis of cardiac arrhythmia.’® It has also been
proposed that triggered automaticity may occa-
sionally be responsible for supraventricular and
ventricular arrhythmias.’®* These abnormal re-
sponse-induced arrhythmias and . those due to
triggered automaticity may be abolished by Ca**
channel blockers.81°

Most studies of the cardiac electrophysiologic
effects of Ca** channel blockers have been con-
ducted with verapamil.?’ In isolated preparation
separated from extrinsic neural influences, ver-
apamil decreases the spontaneous firing rate of
the SA node.?® This effect on the SA node is in
part due to its direct inhibitory action on the Ca**
current and in part related to its noncompetitive
antisympathetic actions.?! However, in intact cir-
culation these changes are greatly modified due
to the drug’s peripheral vasodilatory properties.
The resulting hypotension causes reflex tachy-
cardia, thereby neutralizing any direct negative
chronotropic effects. In the AV node, verapamil
and other Ca** channel blockers (except nifedi-
pine) slow AV nodal conduction and increase the
duration of refractoriness without affecting the
resting potential.>?* It is this property of Ca**
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TABLE 3.—Electrophysiologic Effects of Ca**
Channel Blockers

May suppress sinoatrial pacemaker activity
Prolong sinus node recovery time
No significant effect on intra-atrial conduction

Significant increase in AH interval (increased AV nodal
delay)

Increase ERP and FRP of AV node

No significant effect on His ventricle interval

No effect on intraventricular conduction time

Variable effects on accessory pathway conduction (may
shorten Kent’s bundle ERP)

AH=atrio-His, AV =atrioventricular, ERP =effective refractory
period, FRP =functional refractory period

channel blockers that makes them so useful in
the treatment of supraventricular arrhythmia,
especially AV nodal reentrant tachycardia.?’-2*
In addition, verapamil has been found to decrease
triggered automaticity or abolish abnormal de-
polarization in Purkinje’s fibers.® Verapamil may
shorten the effective refractory period of the ac-
cessory pathway in patients with the Wolff-Par-
kinson-White syndrome and thus may be harmful
in such patients.?* Ca** channel blockers have no
significant effect on infranodal conduction times
or on intra-atrial or ventricular conduction times.
The electrophysiologic effects of Ca* channel
blockers are summarized in Table 3.

Hemodynamic Effects

Hemodynamic effects of Ca** channel blockers
are the net result of a complex interplay of simul-
taneous changes in heart rate, cardiac contractil-
ity, systemic vascular resistance and coronary
blood flow.2® Vascular smooth muscle tone in
systemic and coronary arteries is greatly depen-
dent on the intracellular concentration of Ca*
ions.*? Ca** channel blockers inhibit the influx
of Ca*+ ions and thus cause vasodilation and sig-
nificant reduction in coronary and systemic vas-
cular resistance.?® Ca** channel blockers have
been found to counteract the coronary vasocon-
striction induced by norepinephrine, angiotensin,
methacholine, potassium (K*) or barium chlo-
ride.?* Ca** channel blockers increase blood flow
not only in coronary, but also in mesenteric and
renal circulation. The systemic vasodilatory effects
have been found to cause reduction in blood pres-
sure and to increase reflexively myocardial con-
tractility.?* Ca** channel blockers by their negative
effect on excitation-contraction coupling directly
decrease myocardial contractility.*** However,
this effect is mostly counterbalanced by the reflex-

ive increase in contractility due to peripheral
vasodilation caused by these agents.?®

Although it is not possible here to describe
various properties of individual Ca* channel
blockers, some general considerations and discus-
sion of important differences is warranted. It
must be reemphasized that though the common
property of all Ca** channel blockers is to block
the entry of Ca** ions into the cell, there could
be considerable differences between their phar-
macologic properties. Such differences in the
pharmacologic properties of verapamil and ni-
fedipine clearly account for the variability of their
clinical application. Nifedipine depresses slow
channel activity in the myocardium but has mini-
mal depressant effect on the SA node or AV nodal
conduction.’* Such differences in the action of
nifedipine as compared with those of verapamil
may be due to the fact that nifedipine reduces the
number of channels but does not alter the time
course of the activation, inactivation or recovery
from inactivation of the slow channel.”® Ver-
apamil, in contrast, has a marked influence on all
these properties of the slow channels and in addi-
tion has some muscarinic blocking activity.?® Be-
cause of the relative lack of electrophysiologic
effects, nifedipine, unlike verapamil, is not useful
in the treatment of supraventricular tachyarrhyth-
mia. Verapamil, on the other hand, has less vaso-
dilatory effect and may even have an adverse
effect on myocardial contractility, especially in
patients with preexisting left ventricular dysfunc-
tion.2®

Clinical Applications

Because Ca** plays a central role in many cardi-
ovascular physiologic processes, it is not surprising
that Ca** channel blockers possess many impor-
tant clinical properties (see Table 2). These
actions can be useful in the treatment of a wide
variety of clinical disorders that include (1) vari-
ous cardiac arrhythmias, especially AV nodal
reentrant tachycardia and atrial flutter and fibril-
lation; (2) myocardial ischemic syndromes, in-
cluding Prinzmetal’s angina (coronary artery
spasm), chronic stable angina and possibly un-
stable angina; (3) hypertrophic cardiomyopathy,
and (4) arterial hypertension. Although not firmly
established, these agents have also been found
useful in the treatment of congestive heart failure,
in limiting myocardial infarct size and in myo-
cardial preservation during cardiopulmonary by-
pass. The Food and Drug Administration (FDA)
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has approved verapamil in its intravenous form
for treatment of supraventricular tachyarrhythmia.
Recently orally given verapamil and nifedipine
have also been approved for use in Prinzmetal’s
and chronic stable angina. Diltiazem is still being
evaluated by the Fpa for approval as an anti-
anginal agent.

In Cardiac Arrhythmia

Verapamil is by far the most widely studied
Ca* channel blocker in the treatment of cardiac
arrhythmia.*® It is considered the drug of choice
for the treatment of paroxysmal supraventricular
tachycardia (PsvT).2°-2* Several earlier studies
have indicated that more than 80 percent of cases
of PSVT can be promptly relieved by verapamil
with very few side effects.?*-** In a recent double-
blind randomized crossover study, Waxman and
associates*’ reported a 79 percent conversion rate
in patients with psvT and a 65 percent success
rate in slowing the ventricular response in pa-
tients with atrial fibrillation or flutter.

In patients with AV nodal reentrant tachy-
cardia, 5 to 10 mg of verapamil given intraven-
ously terminates the tachycardia within two to
five minutes of administration.?* The mode of
termination of psSvVT by verapamil is not uniform,
for it may occur as (1) abrupt termination, (2)
initial slowing with eventual conversion to sinus
rhythm, (3) transient atrial filbrillation followed
by conversion to a normal sinus rhythm (NsR),
(4) occurrence of premature ventricular contrac-
tion before conversion or (5) alteration in cycle
length of the tachycardia before conversion.?°
Verapamil should be used with caution in patients
with Wolff-Parkinson-White syndrome and atrial
fibrillation because it can shorten the effective
refractory period of the Kent’s bundle, thus in-
creasing the number of fibrillatory impulses that
can traverse down the accessory pathway, possibly
inducing ventricular fibrillation.?* However, ver-
apamil is considered to be an effective agent in the
treatment of sustained supraventricular tachy-
cardia in patients with overt and concealed Wolff-
Parkinson-White syndrome; by slowing conduc-
tion at the AV node it breaks the reentrant
circuit.?” In patients with atrial flutter or fibrilla-
tion, verapamil has been found to effectively slow
the ventricular response rate.

In a recent study*" verapamil, when given as a
bolus injection, was significantly more effective
than placebo in slowing the ventricular rate in
patients with atrial fibrillation. Klein and col-
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leagues®® recently evaluated the effects of ver-
apamil in patients with chronic atrial fibrillation
who were already receiving therapeutic dosages
of digitalis. Verapamil substantially reduced the
exercise-induced increase in the ventricular re-
sponse rate in these patients.

Ca** channel blockers are not very useful in the
treatment of ventricular arrhythmia.?°-** Some
recent animal studies have shown these agents to
be useful in controlling the arrhythmia produced
by acute coronary occlusion.?' Further studies are
needed to establish their usefulness in arrhythmia
produced as a result of myocardial ischemia.

In Anginal Syndromes

Angina is caused by an imbalance between
myocardial oxygen demand and supply. Exer-
tional angina usually occurs due to an excessive
increase in myocardial oxygen demand in the
presence of limited coronary artery blood flow.
Angina at rest, however, has been shown in most
cases to be due not to an increase in myocardial
oxygen demand but rather to a primary reduction
in oxygen delivery. Also, there is increasing evi-
dence that whereas exertional angina is usually
associated with fixed coronary artery obstructive
lesions, angina at rest has been found often to
occur as a result of coronary artery spasm and
transient platelet aggregates.*?* Over the past
several years there have been increasing belief in
and evidence to suggest that coronary artery
spasm plays a significant role in all varieties of
myocardial ischemic syndromes.

At present the medical management of anginal
syndromes is limited to the administration of g-
blockers and nitrates. Patients may not fully re-
spond to these agents, however, and occasionally
intolerance develops due to side effects. In addi-
tion, B-blockers must be administered with caution
in patients with bronchospastic pulmonary diseases
or diabetes mellitus. Many recent studies have
shown that Ca** channel blockers are quite effec-
tive in the treatment of patients with coronary
artery spasm and chronic stable angina.*t-*°

Ca** channel blockers are unique agents for
the treatment of anginal syndromes. Figure 4
shows that they possess hemodynamic properties
comparable with those seen with nitrates and B-
blocker combination therapy. Like pB-blockers,
these agents decrease myocardial oxygen demand
by their negative inotropic and chronotropic
cffects. These effects are most apparent during
exercise. In addition, Ca** channel blockers are
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COMPARATIVE ANTIANGINAL PROPERTIES
OF VARIOUS AGENTS

Hemodynamic CA + + Channel
Parameter Nitrates | B-Blockers Blockers
Heart rate 4e (R v
Blood pressure ¥ *‘* v
Myocardial contractility - \4 X—:
Preload ¥ 4>
Afterioad + te 12/
Myocardial wall tension + 4
Myocardial 02 requirement + L4 v
Coronary vascular resist. vé 4 R
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Figure 4.—Various important hemodynamic parameters
governing myocardial oxygen demand and supply are
shown and actions of conventional antianginal agents
—nitrates and B-blockers—are compared with those
of Ca‘'* channel blockers. Ca** =calcium, O.=oxygen,
resist =resistance, subepi=subepicardial, subendo=
subendocardial, 1=increase, |=decrease, — =no
change, «—=no change, — =no information available,
+ =present.

potent coronary and systemic vasodilators, thus
relieving coronary artery spasm, increasing coro-
nary artery blood flow and decreasing the work-
load for the myocardium by reducing the after-
load.

In Coronary Artery Spasm

Because Ca** channel blockers are potent coro-
nary vasodilators, there has been considerable
interest in using them for treating patients with
variant angina. Several studies have evaluated
nifedipine, diltiazem, verapamil and perhexiline
for the treatment of coronary artery spasm.*-*' In
a recently published multicenter study Antman and
co-workers** summarized that in patients with
coronary artery spasm, most of whom had previ-
ously been treated unsuccessfully with conven-
tional antianginal medication, nifedipine elimin-
ated the spontaneous attack and ST segment
elevation in 63 percent of the patients, and in
87 percent of the patients the frequency of anginal
attacks decreased by at least 50 percent. Rosen-
thal and associates* have found diltiazem to be
quite effective also for the control of symptoms
related to active coronary artery spasm. Similarly.
verapamil has been effective in the treatment of
exercise-induced coronary artery spasm.*® A re-
cent multi-institutional study in Japan evaluated
the comparative clinical efficacy of nifedipine,
diltiazem and verapamil in 286 patients with
variant angina. Nifedipine, diltiazem and verapa-
mil were effective in 94.0 percent, 90.8 percent
and 85.7 percent, respectively.*” In yet another
study Waters and colleagues'' provided objective

evidence of efficacy by showing that nifedipine,
diltiazem and verapamil can partially or com-
pletely block ergonovine-induced angina and ST
segment elevation in most patients with variant
angina. Thus there is little doubt that Ca** chan-
nel blockers are quite effective in the treatment
of patients with variant angina.

In Chronic Stable Angina

Currently available antianginal agents, 3-block-
ers and nitrates, are ineffective or cause intoler-
able side effects in a substantial number of pa-
tients. Ca** channel blockers seem to overcome
some of these problems and appear to be promis-
ing therapeutic adjuncts for treating patients with
stable angina.

The antianginal properties of Ca** channel
blockers have been discussed above. In summary,
these agents are vasodilators and negative in-
otropic and chronotropic agents; thus they not
only reduce myocardial oxygen demand, but may
also increase the delivery of blood to ischemic
areas. Various Ca** channel blockers have been
shown to control the exercise-induced increments
in rate-pressure product and thus provide relief
for exercise-induced angina. Finally, inappropri-
ate vasoconstriction may play a part in causing
chronic stable angina and Ca** channel blockers,
because of their coronary vasodilatory properties,
are also effective in relieving such vasoconstric-
tion.

Several recent studies have evaluated the
clinical efficacy of Ca** channel blockers in the
treatment of stable angina patients. Worldwide
experience using nifedipine in more than 4,000
patients for periods ranging from two weeks
to three years showed beneficial results in pa-
tients with angina pectoris.*? In a recently pub-
lished multicenter double-blind, placebo-con-
trolled study, Mueller and Chahine** summarized
that nifedipine decreased the frequency of anginal
attacks and the intake of nitroglycerin by about
50 percent; exercise tolerance was also noted to
have increased significantly in the treated group.
Similarly, verapamil, as compared with a placebo,
has been found to decrease the frequency of
angina and prolong exercise duration."* Hossack
and Bruce'* have recently reported that high
dosages of diltiazem (240 mg a day) substanti-
ally increased the duration of exercise and the
time to the first onset of angina in patients with
chronic stable angina.

Several studies have compared the efficacy of
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Ca** channel blockers with other conventional
antianginal agents. Kaltenbach*¢ has shown that
nifedipine, propranolol, pindolol and nitrogly-
cerin used in comparable dosages were equally
effective in controlling the degree of ST segment
depression during exercise tolerance testing. Ki-
mura and co-workers*” have shown nifedipine to
be as effective as isosorbide dinitrate in treatment
of patients with angina pectoris. In a recent study
Johnson and associates*® compared the relative
efficacy of propranolol and verapamil in patients
with stable angina pectoris. Verapamil was found
to be equally or more efficacious in alleviating
symptoms of angina pectoris and the need for
nitroglycerin. A recent report by Leon and col-
leagues*® showed that the combination of ver-
apamil and propranolol produced a greater anti-
anginal effect than that achieved by either drug
alone and may be considered suitable treatment
for patients with severe angina refractory to
single-drug therapy. Further studies are needed
to establish the safety of such a combination be-
cause both propranolol and verapamil have a
depressant effect on SA and AV nodes.

Ca** channel blockers may be useful in patients
with angina refractory to conventional antianginal
therapy. In a recent study Moses and co-workers*
have found nifedipine to be efficacious in the
treatment of rest angina patients with obstructive
coronary artery disease who were previously re-
fractory to propranolol and nitrate therapy. Al-
though further studies are needed to determine
long-term efficacy and adverse effects of Ca*+
channel blockers in the treatment of angina pec-
toris, there is no doubt that these agents will prove
to be important adjuncts to currently available
regimens.

In Hypertrophic Cardiomyopathy

Administration of B-blocking drugs is now con-
sidered to be the treatment of choice for patients
with hypertrophic cardiomyopathy. Occasionally
such treatment is inadequate in controlling
symptoms and a patient usually needs to be
referred for surgical intervention. Ca** channel
blockers now provide an effective alternative in
such refractory patients. Rosing and associates™
have shown verapamil to be extremely effective
in controlling symptoms of patients with hyper-
trophic cardiomyopathy and long-term studies®?-*
have shown that treatment with verapamil im-
proves their exercise capacity considerably. Al-
though the exact mechanism of its beneficial ac-
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tion in patients with hypertrophic cardiomyopathy
is not known, it may be due to the drug’s negative
inotropic effect, combined with its ability to in-
crease the rate of ventricular filling.52*4

Potential Applications

Although not well established, Ca** channel
blockers have been found useful in systemic hy-
pertension,”* pulmonary hypertension,*® and con-
gestive heart failure.”” Experimental studies®®-¢°
during acute coronary occlusion have shown Ca**
channel blockers to have a myocardial protective
effect and that they limit the degree of ischemic
damage in experimental animals. These data need
to be established further and clinical studies be
done before any conclusions can be drawn re-
garding the clinical usefulness of these agents in
acute myocardial infarction.

Summary

The development of Ca* channel blockers
indeed represents an important milestone in cardi-
ovascular treatment. Verapamil in its intravenous
form is now available for use in the treatment of
supraventricular tachyarrhythmias. Oral prepara-
tions of verapamil and nifedipine have recently
been approved by the FDA for treatment of variant
angina and chronic stable angina refractory to
conventional therapy. Several Ca** channel
blockers are being evaluated for treatment of
patients with unstable angina, acute myocardial
infarction and other ischemic syndromes. In the
future, these agents may also prove to be of
clinical use in hypertension, congestive heart fail-
ure and in myocardial preservation.
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